butions to high temperature crystal chemistry and crystal chemistry of exhalation minerals (see, e.g. Filatov, 1990 
Locality and occurrence
Filatovite was found in fumaroles of the Great fissure Tolbachik eruption (GFTE), Kamchatka peninsula, Russia. The GFTE is the largest basaltic eruption in modern history (Fedotov, 1984) . It was active in 1975-76 and consisted of two Breaches (North and South) and seven cones.
Beginning in the late 1970s, fumarolic activity of the GFTE resulted in the crystallization of a unique mineral assemblage, with twenty-four new mineral species discovered to date. Crystals of filatovite were found in 1980 and 1983 in products of fumarolic activity on the second cinder cone of the North breach of GFTE. The temperature of gases in the fumarole where it was found were~410-420°C.
Filatovite is associated with alumoklyuchevskite, lammerite, johillerite, sylvite, As-bearing orthoclase, hematite and tenorite. The mineral occurs as prismatic crystals up to 0.3 mm and intergrowths of crystals (Fig. 1a) , in close association with elongated crystals of As-bearing orthoclase. Separation of filatovite from orthoclase is always a problem and only minor amount of pure filatovite was available for study.
Chemical composition
Several grains of filatovite (< 0.3 mm in size) were mounted in epoxy and chemically analyzed at 15 kV and 10 nA with a Cameca SX-50 electron microprobe. The following standards were used: sanidine (Na, K, Si), synthetic apatite (P), spinel (Al), arsenopyrite (As), zincite (Zn), chalcopyrite (Cu) and hematite (Fe) . No elements other than those mentioned above were detected. The results of the analyses are summarized in tovite is described using the substitution schemes 2Si 4+ £ Al 3+ + As 5+ and Al 3+ + Si 4+ £ Zn 2+ + As 5+ . Note that complete substitution according to the first scheme results in the composition K[Al 2 AsSiO 8 ], whereas the second scheme is responsible for the incorporation of Zn into the Al site and As into the Si site. According to the results of crystal-structure refinement reported by Filatov et al. (2004) , filatovite has a celsian-type structure with two types of tetrahedral sites: one is solely occupied by Al and Zn, whereas the other contains As and Si. From the crystal-chemical viewpoint, it is reasonable to define filatovite as a mineral with the celsian structure type and with As ≥ Si.
Physical and optical properties
Filatovite is colourless, with vitreous luster and white streak. The mineral is brittle and transparent. It has a good {100} cleavage. Mohs' hardness is 5-6. The calculated density is 2.92 g/cm 3 . The experimental density could not be accurately measured due to many gaseous inclusions within the mineral grains. The mineral does not fluoresce in either short-or long-wave ultraviolet radiation.
Filatovite is optically negative, α = 1.532(1), β = 1.535(1), γ = 1.537(1), 2V meas. = 60(10)°, 2V calc. = 78°. The orientation: X ~ [100], Y and Z are normal to the {001} and {010} faces, respectively.
X-ray crystallography
Unit-cell parameters of filatovite were determined using a three-circle Bruker PLATFORM diffractometer equipped with a 4K SMART APEX CCD (charge-coupled device) detector and were further refined by crystalstructure analysis. The mineral is monoclinic, space group I2/c, a = 8.772(1), b = 13.370(2), c = 14.690(2) Å, β = 115.944(6)°, V = 1549.1(4) Å 3 , Z = 8. Only a small amount of material was available for study, so X-ray powder-diffraction data (Table 2) were obtained using a Debye-Scherrer powder camera with a diameter of 114.6 mm (CuKα-radiation, 2θ max = 60°). The diagnostic lines of the X-ray powder diffraction pattern are (I-d-hkl): 70-4.329-202; 70-3.897-130; 100-3.364-220,204, 040; 50-3.300-004, 40-3.066-132, 60-2.981-042, 40-2.646-242. The refined unit-cell parameters from the X-ray powderdiffraction pattern, a = 8.80(1), b = 13.39(1), c = 14.69(1) Å, β = 116.09(12)°, V = 1555(2) Å 3 , are of poor quality but are in good agreement with the unit-cell parameters determined from single-crystal study. The details of crystal-structure refinement are reported by Filatov et al. (2004) .
Discussion
Filatovite is the fifth new arsenate mineral discovered in the GFTE fumaroles. The three other minerals are alarsite, AlAsO 4 (Semenova et al., 1994) , coparsite, Cu 4 O 2 [(As,V)O 4 ]Cl (Vergasova et al., 1999) , urusovite, CuAlAsO 5 (Vergasova et al., 2000) , and bradaczekite, NaCu 4 (AsO 4 ) 3 (Filatov et al., 2001) .
Filatovite is the first arsenate with a structure based upon a mixed-cation tetrahedral framework with the feldspar topology. Its discovery indicates that As has a strong affinity for the feldspar structure and, under appropriate conditions, may be incorporated into it. This also suggests that As may form complexes on the surface of the feldspar-group minerals. Indeed, Prasad (1994) and Singh et al. (1996) suggested the use of feldspar as an adsorbent for removal of arsenic from As 5+ -rich solutions in treatment plants. Prasad (1994) identified surface complexation as a major process that controls removal of arsenic by feldspar. It is likely that complexation involves formation of an adsorbate layer in which AsO 4 3-tetrahedra polymerize with AlO 4 5-and SiO 4 4-tetrahedra, just as it is observed in the structure of filatovite.
The formation of filatovite in fumaroles may be the result of either of two processes: (a) direct deposition from As-rich volcanic gases and (b) metasomatic replacement of feldspar minerals (mainly orthoclase) already existing in volcanic tuffs. The latter scenario is more likely and may involve a dissolution-reprecipitation process known to be dominant in replacement reactions in alkali feldspars (Walker et al., 1995) and other mineral systems (Korzhinskii, 1970; Glikin, 1995; Putnis, 2002) . In this case, crystallographic information may be transferred from "parent" orthoclase to "daughter" filatovite that inherited the structural topology of the parent phase. Some evidence for this mechanism exists in the microporosity of filatovite crystals (Fig. 1b) and its close association with As-bearing orthoclase that may contain up to 18 wt. % of As 2 O 5 . Detailed analysis of the chemical composition and structural characteristics of As-bearing orthoclase will be a subject of a separate paper. 
